Convection-driven melting in an n-octane pool fire bounded by an ice wall by Farahani, Hamed Farmahini et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Apr 10, 2018
Convection-driven melting in an n-octane pool fire bounded by an ice wall
Farahani, Hamed Farmahini ; Alva, Ulises; Rangwala, Ali S.; Jomaas, Grunde
Publication date:
2017
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Farahani, H. F., Alva, U., Rangwala, A. S., & Jomaas, G. (2017). Convection-driven melting in an n-octane pool
fire bounded by an ice wall [Sound/Visual production (digital)]. 70th Annual Meeting of the APS Division of Fluid
Dynamics, Denver, United States, 19/11/2017
1Convection-driven melting in an n-
octane pool fire bounded by an ice wall
Hamed Farmahini Farahani, Wilson U. R. Alva, Ali S. Rangwala, Grunde Jomaas
Presentation
by
Hamed Farmahini Farahani
Department of Fire Protection Engineering
Worcester Polytechnic Institute
Worcester, Massachusetts 01609
APS Fall Meeting
November 19-21, 2017
Denver, CO
Background
In Situ Burning in Marine Environment
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In situ burning after Deepwater Horizon spill 2010 
https://www.marinelink.com/news/worst-spill-fire411277
Background
In Situ Burning in Ice-infested Waters
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In situ burning 
Presence of ice in different forms
Problem Definition
Geometry Change of Ice and Its Effects
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1. Expansion of the pool area 
 Thinning the fuel layer
 Faster extinction
 Joining melt pools (multiple      
small pools adjacent to each other)
 Higher burning rates
 Deposit of oil residue 
Lateral cavity formation
2. Melt-water accumulation 
 Change in the level of the fuel 
 Overflow from the top
 Faster extinction
oil
flame
melting
water ice
Objectives
• Visualize the flow field in liquid fuel and cavity formation
• Evaluate the role of convective mechanisms in the melting process
Objective
Lateral Cavity Formation
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A) Heat feedback of the flame to the fuel surface
B) Transport of the flame heat by the liquid fuel 
toward the ice by convection
Melting of the ice by the arriving liquid 
Lateral cavity
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Experimental Setup
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Burning of n-octane adjacent to an ice wall   
• Burning behavior by a load-cell (balance)
• Temperature field by thermocouples
• Flow field by PIV
Experimental Results
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Investigating the effect of heat 
feedback and convection within the 
fuel layer on ice melting
Flame Feedback and Melting
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Convection in the Fuel Layer
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Transport of the flame heat by 
the liquid fuel toward the ice by 
convection to provide the 
required heat for the melting
Hypothesis:
flows in the fuel layer are driven by 
the combination of surface tension 
and buoyancy forces
Hypothesis:
flows in the liquid are induced 
by both buoyancy and  surface 
tension 
Convection in the Fuel Layer
PIV Results - Before Ignition
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• Before ignition 
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• n-octane temperature is 10-12 °C.
• Ice temperature is below 0 °C.
Surface tension driven flow
Combined one roll structure
Buoyancy driven flow
Convection in the Fuel Layer
PIV Results - After Ignition (Phase 1)
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• 10 seconds After ignition • 40 seconds After ignition 
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• Increase in the magnitude of velocity and vorticity over time
• Transition from one roll to multi-roll structure 
• Quality of PIV measurements after phase 1 became low
Convection in the Fuel Layer
PIV Results - After Ignition (Phase 2)
• The PIV images lost quality due to the out of 
plane motions, high temperature differences 
causing refractive index variation, loss of 
tracer particles near the surface
• The top layer without particles indicate the 
presence of small recirculation zones known 
as multi-roll structure
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Gr0 ~ 2.6×10
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5
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Gr1 ~ 1.7×10
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Conclusions
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Surface Tension
>80% of Us
Buoyancy
<20% of Us
• Two burning phases were associated with the melting 
velocity
• The heat pathway from the flame to the ice wall was 
identified to be the cause for melting the ice 
• One roll structure with relatively low velocities were 
observed before ignition due to the initial low temperature 
difference
• After the ignition (increase of the temperature difference in 
the fuel layer) flow field transitioned to an unsteady state 
with multi-roll structure
• The flow field within the liquid fuel determined the melting 
Findings of this study may be applied towards the problems 
that are related to ice melting caused by global warming
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